egorizes synpolydactyly as 'syndactyly type II' [Cross et al., 1968] . Many cases of syndactyly have been linked to mutations in the HOX gene clusters; specifically, the HOXD13 gene has been linked to syndactyly type II [Murigaki et al., 1996; Goodman, 2002] . However, the majority of familial syndactyly and synpolydactyly syndromes have yet to be associated with any particular gene mutations. This report describes a male infant with synpolydactyly of the hands and feet. Investigation revealed a family history of synpolydactyly spanning at least 4 generations. Upon further analysis, a deletion within the SLC25A21 gene was identified in the infant and his mother. In addition, no copy number changes were detected at the recognized microdeletion and microduplication syndrome loci or at other clinically significant loci, including the HOXD cluster locus at 2q31.1.
Fluorescence in situ Hybridization Analysis
Metaphase fluorescence in situ hybridization (FISH) analysis was performed in the proband and his mother using BAC clone CTD-3022B7 from 14q13.3 to visualize the deletion, according to previously described methods [Traylor et al., 2009] .
Case Report
A 2-month-old male was seen in our clinic for evaluation of synpolydactyly of his hands and feet. Radiographs of the hands 1 day postpartum revealed inversion of both thumbs and polydactyly noted on the ulnar aspect of both hands, with extra digits being attached to ulnar margin of the proximal fifth phalanges. The extra digits on both hands were composed of soft tissue with a small punctuate ossification center in the distal aspect. The postaxial polydactyly of the hands was treated with suture ligation 3 days postpartum, prior to our encounter with the patient. Radiographs of the feet revealed a single first metatarsal with evidence of a branched proximal phalanx and duplication of the distal phalanx on the medial aspect of the great toes ( fig.1 ). The proximal phalanx and first metatarsal of both feet were noted to be wider and shorter than normal.
Physical exam of the infant revealed a healthy male with syndactyly of the third and fourth digits of the hands bilaterally, syndactyly of the second and third toes bilaterally, and wide great toes bilaterally. Examination of the ulnar aspects of both of the hands revealed a small nubbin with apical scarring associated with ligation of the supernumerary digits. The remainder of the physical exam revealed no additional abnormalities.
The patient underwent bilateral great toe extra digit excision at 4 months of age. Using an elliptical incision, the primarily cartilaginous extra digit, comprised of a separate distal phalanx and the branched aspect of the proximal phalanx, was dissected and excised on each of the patient's 2 feet. One month after surgery, the patient was reportedly recuperating well. The patient's mother reported she was born with webbing of the toes and fingers and polydactyly of the hands, which were surgically corrected in childhood. Similar findings have also been found in the maternal grandfather as well several other relatives on the maternal side of the family. Using the family history provided by the patient's mother, we created a pedigree ( fig. 2 ). We were unable to obtain details of the exact nature of each affected family member's presentation, but it is our understanding that synpolydactyly was present in the hands and the feet in most, if not all, of the affected family members.
Results
Lymphocytes obtained from peripheral blood of the infant were used as a source of DNA, which was then analyzed by microarray and FISH analysis. The microarray analysis identified a copy number change characterized by an 80.6 kb loss of the long arm of chromosome 14 at 14q13.3 ( fig. 3 ) . FISH analysis confirmed a deletion at 14q13.3 ( fig. 4 ) . DNA isolated from the mother's blood also underwent microarray and FISH analysis, and an identical deletion was detected. The deletion is within the SLC25A21 gene and is considered to be the cause of the synpolydactyly.
Discussion
This patient was found to have a maternally inherited deletion within the SLC25A21 gene. The clinical significance of this deletion is unclear due to a lack of published data implicating copy losses of the SLC25A21 gene in hu-A B Fig. 1 . Radiographs taken on day 1 postpartum. A Polydactyly is noted on the ulnar aspect of both hands with attachment at the proximal 5th phalanges. The extra digit in both hands is composed only of soft tissue with a small punctuate ossification center in its distal aspect. In addition, soft tissue fusion of the proximal third and fourth digits of each hand is seen. B Medial deviation of the great toes with polydactyly noted in the form of an extra distal phalanx on the medial aspect of the great toes. man disease. The gene product, oxodicarboxylate transport is a homolog of the Saccharomyces cerevisiae oxodicarboxylate carrier proteins. These proteins function as mitochondrial carriers that transport C5-C7 oxodicarboxylates across the inner mitochondrial membrane and are present in all tissues. A previous report has identified defects in the SLC25A21 gene product as a possible cause of 2-oxoadipate acidemia, an inborn error of metabolism of lysine, tryptophan, and hydroxylysine characterized by mental retardation, hypotonia and seizures [Fiermonte et al., 2001] . Alternatively, a defective oxoadipate dehydrogenase complex has also been suggested as a cause of 2-oxoadipate. No studies to date have clearly demonstrated a deficit in either enzyme as causing oxoadipate acidemia. Upon a search of the Database of Chromosomal Imbalance and Phenotype in Humans Using Ensembl Resources (DECIPHER), we found patients with reported deletions encompassing the entirety of the SLC25A21 gene as well as surrounding areas of the genome. The phenotypical manifestations of these patients consist of neurologic abnormalities including ataxia, developmental delay and mental retardation, thyroid abnormalities including hypoplastic or absent thyroid, cleft palate, and oligodontia. Perhaps of more relevance to this particular case, the SLC25A21 gene is located between the PAX9 and MIPOL1 genes. PAX9 is a member of a transcription factor gene family, whose gene products are known to play essential roles for normal organogenesis and tissue patterning during embryonic development [Dahl et al., 1997] . Appropriate Pax9 expression has been found to be fundamental for the normal development of certain facial structures, of the third and fourth pharyngeal pouch derivatives and of the limbs [Peters et al., 1998 ]. A previously published report described the presence of regulatory elements within the seventh intron of the murine Slc25a21 gene which control Pax9 expression [Santagati et al., 2003 ]. A separate report described a similar Pax9 enhancer within the third intron of the Slc25a21 gene in zebrafish [Chatterjee et al., 2011] . In both cases, the regulatory element was detected in a conserved non-coding sequence of the genome.
In a separate report, a patient was described with isolated mirror-image polydactyly and a de novo balanced translocation, t(2; 14)(p23.3;q13) [Kim et al., 1997] . Subsequent investigation found a novel gene that spanned the 14q13 breakpoint, designated MIPOL1 . While the specific function of MIPOL1 is still unknown, it is a strong candidate gene for mirror-image polydactyly [Kondoh et al., 2002] . While it cannot be determined if the deletion described in our patient affects or alters the expression of neighboring genes, the potential interaction between SLC25A21 , PAX9 and MIPOL1 is intriguing and further investigation on the relationship between these genes is warranted.
A B Fig. 4 . FISH visualization of a 14q13.3 deletion in proband and mother. FISH in the proband ( A ) and mother ( B ) showing a deletion at 14q13.3. BAC clone CTD-3022B7 from 14q13.3 is labeled in red, and BAC clone RP11-417P24 from 14q32.33 is labeled in green as a control. The presence of only one red signal indicated deletion of the 14q13.3 on one homologue (arrows).
